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5% 25% 35% 25% 10%
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Definition of variables & coefficients

Decision variable matrix

T, 4 T,
X =
xm,l xm,T
T, portion
Coefficient matrix
Cl,l Cl,T
C =
Cm,l Cm,T
e
Volume flow matrix
Uy ok U
V =
Ul,m . Y Um,T

with Single Harvest

of the ¢-th unit to be harvested at period j

c. . : coefficient of z

period j

v.

2¥)

2¥)

Column vectors of all are for the same period

/)

: volume flow from x, . at period 7



Objective Function with Single Harvest

To maximize net present value of the sum of all returns from
harvests
7 = max tr(C'X)

X

c. T +-:-+C T
m,l m

1,171, 1

— max tr

vt T m. T m, T

m T
:maxg gcx
X W) 2]
i=1 j=1
Note: trace of a square matrix is the summation of diagonal elements

= ()= a,
1=1




Land Accounting Constraints
with Single Harvest

Sum of portion <=0

xi,l T Li mz’,T—l + xi,T <1 L= 1’ 1T
or
L xl,T 1 1
; : < & X1 <1
T - 1 . 1 .




Harvest Flow Constraints
with Single Harvest

Even flow over time

T + -4 T =V X  ++UV X

]-)j_l 17j_1 m)j_l maj_l 17] 1)] maj m)j
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Max PNV

7 = max tr(C ZZCH i mEi\LY IOz 7 ER

=1 j=1

|:> Cplex, Gurobi, SCIP
st. (Academic Free)

X1 <1 THIFI ARG

,U/(p—l)w(p—l) — v /(p )w(p) p=2- ,T

where A E = %’J

0P — (Ul,p7v2,p ...,vm,p)/j (P — (xl,p’a;Q,p ...,g;m’p)’

vWand 2'”) are the p-th column vector of V and X, respectively

Note: trace of a square matrix is the summation of diagonal elements

= tr(A) = iam
1=1
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Table 1 Example of treatments Minimum Rotation: 6 periods over 10 periods

Period

Treatment [Decision
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Note: X denotes harvesting while 0 denotes no harvesting



Estimating Coeiilicients Value ¢

c. =PNV

1,7 1,7 Growth Prediction

300

Volume (m%/ha)
N
S
\

100 —

10 30 50 70 90
Age (year)



The i-th Coefficient: c;

PNV 1 2 3 4 5 6 7 8 9 10

Ci,jPNVi,j \P‘_\Q P.Vz P’V?, P.V4 P’Vs P.V6@ P‘Vg P.Vg P.Vlo

0 P.V -4
PNV, =) —t 1
el (S0 R

PNV from the i-th variable=PNV, ;" x;



Volume at each period
Periods
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Volume flow

Vol.zV.- A.-x.. j=1,,10

300 — Even-Flow -

j -th perlod

200 —
100 ~
T \ T \
2 8 10

Volume (108m?3)

Period (years)



Introduction of Treatment

Decision variable matrix

xl,l SULn

x oo x

m,1 m,n
x, portion of the j-th treatment is implemented for the ¢-th unit

Coefficient matrix
Cp e €
c=| : . c. . : coefficient of x

1,7 Z7]

C e e C

m,1 m,n

Volume flow matrix at period p

(p) (p)
P
Vp — S vii) : volume flow from x,



Model I: Linear Programming Formulation

Max PNV

/= maxtr ZZC” Iy

1=1 j=1
st.
X1 <1 Land Accounting Constraints

— f:zn:v;@) T = U,D= L---. T

i=1 j=1

Harvest Even-Flow Constraints
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Decision Variable
Continuous => Discrete
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Max PNV

/= maxtr ZZC

1=1 j=1
St.
x1 <1 Land Accounting Constraints

/
1-a)y, <tr(VX)<(1+a)y, p=1--T

1 if the j-th treatment is implemented for the ¢-th stand

J 0 otherwise



